Ultrastructural Aspects
The development of electron microscopy has produced an entirely new means of visualizing the cell, which is seen to be filled with component parts or organelles, and studies in cell biology have provided information linking the structure of these organelles with their function. The greatest volume of electron microscope work in cell pathology has been in regard to diseases of man. In the veterinary field less work has been done but related problems are encountered, and examples of these that have been encountered in my own institute will be given.
Pathological Changes at Magnifications Greater than Those of the Light Microscope Whereas a high magnification with a light microscope is about x 1200, many electron microscopes commence magnifying at this figure and have greatest magnifications of x 200,000 and even higher. It would be a simple story if one could take the specimen out of the light microscope, insert it in an electron microscope and continue magnifying from there. But this is impossible for four major reasonsonly small specimens mounted on special grids can be used in electron microscopes, the standard fixation procedures for light microscopy are inadequate for electron microscopy, the embedding agents are different and the usual colour staining procedures are virtually valueless.
For example, in one study, eosinophilic and basophilic nuclear inclusions were seen with the light microscope in cells affected with adenovirus (Derbyshire et al. 1968 ). But the corresponding electron-microscopic specimens were fixed differently and would not stain similarly. These difficulties of linking can be partly overcome by observing epon embedded sections with an optical microscope using colour stains, and then cutting thinner sections which are examined in the electron microscope using heavy metal stains (De Bruijn & McGee-Russell 1966) . On the other hand, alternate standard sections and ultra-thin sections can be examined in the respective microscopes and structures correlated using their location and other data. In this manner we concluded that the dense osmiophilic chromatin condensations in the nucleus were basophilic, whereas the virus particle area was relatively unstained at the light microscope level.
The range of appearance of 'normal' cells at the electron microscope level is very great indeed, and thorough study ofthe normal tissue concerned is essential before embarking on diseased tissue; in many cases rn the veterinary field the normals have not been previously studied.
Nevertheless, in spite of these various difficulties, results are obtained in due course as, in our own case, in relation to transmissible gastroenteritis of pigs (Chandler et al. 1969) , and in scrapie, a degenerative disease of the central nervous system (Chandler 1968 ). Cell pathology in relation to 'submicroscopic' pathogens: With the advent of the electron microscope it has become possible to see viruses in the affected cells; this has resulted in the accumulation of a mass of data in the past years, relevant to viral entry into, development in and release from the cell, together with the resultant changes in the cell. Our own veterinary examples include studies on a porcine adenovirus (Chandler et al. 1964 ) and on a bovine herpes infection (Lepper et al. 1969) .
This aspect of cell pathology has been of particular interest to me regarding a search for the elusive agent which causes the disease, scrapie. The scrapie agent has been sought in many laboratories but has yet to be identified. A variety of structures that had not hitherto been reported were observed, but the possibility that they represented breakdown products of cell organelles could not be excluded. Pathology of cell organelles: Disease can be considered as originating in the cell as a variation of normal biological function which involves the activity and structure of the parts of the cell, the organelles (King 1966). A new term has been proposed for this concept of disease originating at organelle level -'pathobiology'.
Some particular studies have been made by various workers in respect to changes in mitochondria (Trump & Ericsson 1965) . In grass sickness, a disease of unknown etiology in horses, we noted vesicular changes (Chandler & Brownlee 1967) ; vesicular changes in mitochondria have been reported in sulphydryl poisoning.
Changes in endoplasmic reticulum have been recorded including dilation of cistemre in irradiation and infectious diseases. We have observed this together with enlarged perinuclear space in some grossly affected neurons in scrapie.
A striking increase in endoplasmic reticulum has been reported in the liver following treatment with phenobarbitone. Changes involving lysosomes are well established. Changes in the relative grouping of ribosomes, in the nucleus and the nucleolus have also been recorded. Pathological changes in the pathogens: With an electron microscope one can note departures from the normal in the structure of microbial agents themselves, which constitute pathological changes in these agents. The changes produced in staphylococci by an antibacterial substance present in the bovine teat and of interest in mastitis have been studied (MacMillan & Hibbitt 1969) . During observations on the porcine adenovirus growing in tissue culture, unusual rectilinear forms related to the virus were noted; it was concluded that these were likely to be aberrant forms of the virus due to faulty assembly in the cell, rather than an active long form of the virus. Other workers have observed small holes produced in the membrane of a virus after exposure to specific antiserum (Berry & Almeida 1968 ).
Molecular Biology and Molecular Pathology
It is difficult to dissociate modem concepts in molecular biology from any aspect of ultrastructure. Specialist studies have been made by other workers on purified preparations of nucleoproteins, unit membranes, large enzyme molecules and the antigen-antibody reaction at the molecular level. Modem high resolution electron microscopes now being designed may be capable of showing some abnormal alterations in the structure of the molecules themselves, i.e. molecular pathology in its rather strict sense.
Developments Due to New Electron Microscopy Techniques
Electron microscopy is still a comparatively young subject, particularly the preparative methods used for biological specimens. New methods are being developed continually and new bodies of facts are emerging from the use of these methods of study.
Conclusion
Modem ultrastructural research is closely associated with advances in cell biology in general and gives an individual insight into the structure and function of the cell. This knowledge is now being applied to cells in disease and here, in the realm of cell pathology, the advances already made reveal areas capable of considerable expansion.
